Estimation of relative binding free energies of P -interactions using the MM-GBSA approach MM-GBSA (Molecular Mechanics, Generalised Born, and Surface Area) method is a common method that allows free energy analysis of the explicit solvent MD trajectories via postprocessing of the trajectories. It is based on a continuum solvent approach that replaces the explicit solvent and utilizes directly snapshots from the simulations. Free energy snapshots are then calculated and averaged (1) Note that this method (or the related MM-PBSA method, Molecular Mechanics, PoissonBoltzmann, and Surface Area) is based on a number of approximations and is inherently much less accurate than the explicit solvent simulation itself. Further details about continuum solvent post-processing calculations and their limitations can be found in references (2-4). We would like to underline that, although such calculations are rather common in literature, their accuracy and reliability limits remain to be established. Specifically, calculations of binding free energies are difficult and risky, since they require to calculate small difference of three solvation free energies. These are large numbers that are sensitive to many aspects of the calculations, including the atomic radii used in the continuum solvent method. In a recent study on a simple DNA-drug (DAPI) system, we were not able to reproduce the absolute binding energies, though we suggested that relative free energies of DAPI binding may be captured properly (2). Evaluation of the binding free energy in our present complexes is likely pushing the method beyond its current applicability, although we hope that the relative trends could be captured properly. Thus, in this paper, the structural information should be considered as the primary outcome of the simulations and the free energy data only as a rough supplementary information.
The present calculations do not include the entropy effects, as we do not aim to obtain absolute energies of the binding which are to our opinion clearly beyond the accuracy limits. It is nevertheless possible to assume that the entropy contributions are similar in all complexes. Entropy component could be for example estimated by normal mode analysis for selected snapshots or by other approaches. However, all current approaches are far from being perfect. The free energy contribution related to loss of translational and rotational degrees of freedom for similar systems is still a matter of controversy (see further discussion in (2-4) ).
The MM-GBSA results are summarized in Table S1 . All the binding free energies are positive, in the range of +59 to +83 kcal/mol. However, as explained above and in the literature, the method is unlikely to be capable to capture properly the absolute binding free energies (we did not want to manipulate the parameters such as atomic radii or solute dielectric constant to achieve negative values). In addition, the numbers do not include the entropy terms. Nevertheless, we suggest that the relative binding energies (last column) are meaningful. Actually, the numbers provide a reasonable agreement with the H-bond statistics and expected trends. Clearly, the two genuine P-interactions GU P GC and GU P CG are the most stable ones. Weaker P-interactions (AU P CG, AU P GC, GC P CG, and GC P GC) are shifted by +7 to +13 kcal/mol compared to the most stable motif and are thus clearly destabilized. P-interactions involving the A+/C basepair (AC P GC and AC P CG) are in the same relative energy range. For these interactions we expected somewhat larger destabilization, however, as explained above, the free energy calculations are very approximate. It is encouraging to see that UG P GC interaction which was simulated as an example of bad P-interaction sequence has clearly the worst binding energy, despite that it did not collapse in the course of 10 ns simulation. (Note that the simulation is short and thus entire disruption of unstable structures is not necessarily observed).
As a control, we also carried out MM-PBSA calculations. Method details can be found in (3, 4) . The MM-PBSA values are those in parentheses in the last two columns of Table S1. Note that the absolute binding energies are quite different compared to MM-GBSA, however, the relative trends are in a meaningful agreement and would lead to similar conclusions. Variability of the results reflects current uncertainty in this kind of calculations. Table S3 . Interactions of the cis WC G/U basepairs in 23S and 5S rRNA, based on the crystal structures of H. marismortui, D. radiodurans, and E. coli (initials of the structure best for observing each interaction appear in parentheses in the interactions column). Basepairs with interactions are shaded. The letters (A, B,…) in the first column after the basepair number mark the individual basepairs forming P-interactions (indicated by -pack-in the fifth column) are also used in Table 5 and Figure 7 . Basepair number (117) is not G/U in any crystal structure, but is included in the study for having > 50% GU content in archaeal sequences. The last three columns indicate GU+UG (%) content at those positions in sequence alignments of archaea (A), bacteria (B), and eukarya (E). A dash (-) in these columns means that sequence alignments are all gaps (insertions) at the corresponding location. Abbreviations: Asterisk (*), nucleotide absent from crystal structure; H, helix; IL, internal loop; WJ, way-junction; SGP, shallow groove pocket; SGNP, shallow groove not in pocket; DGP, deep groove pocket; and DGNP, deep groove not in pocket. 
